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FOREWORD

This final report documents work performed during the perlod 15 March
1971 to 15 February 1972 under Contract FOB8635.71~C-C112 administered under
the direction of the Alr Force Armament Laboratory, Air Ferce Systems Com-
mand, Eglin Air Force Base, Florida. This effort was conducted under
Project 2511, Task Ol, Work Unit 0l3. The propgram monitor for the Armament
Laboratory was Major Duncan E. Dodds (DLIW).

The synthesls program was conducted by Fluorochem, Inc., Azusa,
California and was managed by V. Grakauskas. The experimental work was
performed by Jr. V. Grakauskas with consultation by Dr. K. Baum.

This report has been reviewed and is approved.

c

.
> U v —:-’—\ ',’/71.--. .
FRANKLIN é DAVIES), Wolonel, USAF
Chief, Flame, Incendiary, and bkxplosives Division

il




ABSTRACT

A number of new energetic polynitroethers and intermedilates were
synthesized utilizing reactions of 2-fluore-2,2-dinitroethanol and its
derivatives.

The oxidation and nitration of (2-fluorou-2,2-dinitroethoxy)acetal-
doxime yielded 2-fluoro-2,2-dinitroethyl 2,2-dinitroethyl cther which was
fluorinated to give 2-fluoro-2,2-dinitroethyl ether, 2-Fluorc-2,2-dinitro-
ethyl 2,2-dinitroethyl ether and formaidchyde gave 3-(2-{luoro-2,2-dinitro-
ethoxy)-2,2-dinitropropanol whicii was used to synthesize bis E-(E-fluoro-e,z-
dinitroethoxy)-2,2-dinitro-propyl] formai.

Five l-(2-fluoro~2,2-dinitroethoxy)-2:propanoi derivatives of the
general structure FC(NOE)HCHEOCH”CH(OH)CH A{X=Ci, Br, I, ONO,, CCO(CH3}§L
vere synthesized by react?ng 2-fluorc-2,22dinitroethyl glycigyl ether“with
HX and the alcohol derivatives were oxidized to the corresponding acetcne
derivatives, FC(NOZ)QCHEOCHZCOCHUX[X:Cl, ONO,,, ococ(cnz)iy

1, 3-Bis-(2-fluoro-2,2-dinitroethoxy)-2-propanol was synthcsized by
reacting 2-fluoro-2,2-dinitroethyl glycidyl etner with 2-fiuoreo-2,2-dinitro-
ethanol. The alcohol was oxidized to 1,3-bis(2-fluoro-2,2-dinitroethoxy)-
acetone. Nitratlon and oxidaticn of the oxime of this ketone ylelded ., 3-
bis(2-fluoro-2,2-dinitroethoxy)-2,2-dinitropropane.

Other new compounds synthesized were: 2-tluoreo-2,2-dinitroethyl
propargyl ether, 4-(2-fluoro-2,2-dinitroethyl)semicarbazide and (2-fluoro-2,2-
dinitroethoxy)vinylene diisocyanute.

Distribution limited to U. S. Government agencles only; l
this report documents test and evaluation; distribution
limitation applied March 1972, Other requests for this
document must be referred to the Air Force Armament !
Laboratcry (DLIW), Eglin Air Force Base, Florida 32542.
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SBECTION 1

INTRODUCTTON

The objective of this program was to synthesize and characterize
new energetic nitroaliphatic compounds f'or potential use in explosive
formulations. The major emphasis of this work was on the reactions of
2-fluore-2,2-dinitroethanol.

[



WOTTTON

SUMMARY

The fcllowing new fiucrodinitro co mpounds verce synthesized and

characterized

under this contract using 2-fluoro-2,2-dinitroethanol and

ts readily available derivatives as the stariing materials.
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SECTION 111

TECHNICAL DISCUSSION

A. PREPARATION AND REACTIONS OF 2-FLUORO-2,2-DINITROETHYL 2,2-DINITROETHYL
ETHER

Polynitroalkyl ethers are promising plasticizers but are difficult to
synthesize. Direct synthesis of these ethers briefly explored by ourselves
and other investigators (Reference 1) failed. In the present work an indirect

ANEAY

reaction scheme leading to 2-fluvro-2,2-dinitroethy. ether was explored.

2-Fluoro-2,2-dinitroethoxyncctaldehyde, synthesized several years 250
(Reference 2),appeared to be a polentially ugeful sturting material in the
synthesis of 2-fluoro-2,2-dinitroethyl 2,2-dinitroethyl ether by the Pouzio
reaction (Reference 3):

IH,,OH HRO

N ) [ ,.. + 3 R ef
FC(NO, ) 5 CHOCH, CHO -—— Fb(Noe);_‘cneocuzaxzhon ﬁ—,FC(IJOE)SCH20(312011(1402)2
272

Although gem-dinitroalkane derivailives can be readily synthesized from the
corresponding ketcnes by this procedure (Reference 4), analogous reactions of
aliphatic aldoximes were not reported prior to the present work. Aryldinitro-
methanes, on tie other hand, wers obtained in nitration and oxidation of

aromatic aldoximes (Reference 5).

2-Fluoro-2,2-dinitroethoxyacetaldoxime was obtained in 80-95% yield by

reacting 2-fluoro-2,2-dinitroacetaldchyde with hydroxylamine under conventicnal
reaction conditions. The compound, a liquid, contained a mixture of syn and
anti isomers. The oxime was nitrated with fuming nitric acid in methylene
chloride to give a deep blue solution of the nitro-nitroso intermediate which
upon treatment with hydrogen peroxide yielded 2-fluoro-2,2.dinitroethyl 2,2-
dinitroethyl cther:

HNO H_ 0,
FC(NOQ)ECHZOCHACH=NOH-—-—i C(NOA)QCHAOCHGCH(NO)NO 2«

[ [ &~ [

FC(N Ch,. CCH.C( T I
bY K‘C(NOQ)EMAEC\,UE ( J02)2
The ether, a colorless liquid obtained in 50-65% yields, was characterized by
its nmr spectra and eclemental analysis. The compound was only oderately stabie
at room temperature and decomposed in a few days Lo 2-fluoro-2,2-dinitroethoxy-
acetic acid:

i
2l

25°
OCH_C(m «—>FC(N0_) CH OCH O
FC(NOE)ECHQ QC(rOE)EH Fo( o) 2Oty ‘}42\“02}1

This decomposition appears to be autocatalytic.

A more detmiled investigation of the nitration cf 2-fluoro-2,2-dinitro-
ethoxyacetaldoxime showed that this reaction is very sensitive to reaction
conditions. Reaction variables, such as the order of addition of reagents,
temperature, and reaction time, can be varied only over a narrow range.



Attempts to employ nitrogen tetroxide as the nitrating ogent were unsuccess-
ful. Further work is needed to explore thislreaction. It also would be
important to determine the scope and limitations of these reactions with
respect to other aliphatic aldoximes.

2-Fluoro-2,2-dinitroethyl 2,2-dinitroethyl ether reacted with aqueous
formaldehyde to give the corresponding methylol derivative, 3-(2-fluoro-
2,2-dinitroethoxy)-2,2-dinitropropancl, in 80-90% yields:
1,0
+ HCHO ——%——-) FC(NO

{ NaOlf)

This sparingly water-soluble polynitroalcohol could be distilled in a mole-
cular still and is storable at ambient temperatures. The formylation of
2-fluoro-2,2-dinitroethyl 2,2-.dinitroethyl ether is a practicul way to stabl-
lize the compound for storage. As with other 1,l-dinitroalkanes, the formyl-
ation of 2-fluoro-2,2-dinitroethyl 2,2~dinitrocthyl ether is a reversible
reaction: '

FO(NO, ), CH,OCH,, CH(NO )., CH,OCIHL, C( O, ) | CH ,OH

2 2)2 22 2 2)2 2

OH-
Fo(NO { OCH_C(N —= rc(lo. -
e( 2)20}12 ) ( 02)2CH20H ‘—1_{3—o+- l'(,(IwOa)QChEOCHzC(N%)E + HCHO

3-(2-Fluoro-2,2-dinitroethoxy)-2,2-dinitropropanol reacted with s-trioxane
in concentrated sulfurile acid to give bisr3 (2-fluoro- e,a-dinitroetnoxJ) 2,0«
dinitrcpropyi]forma‘ 1 50

2k
0 i 1.0) - —> [FciNo OCH_C(N ;
FO(NO,, ), CH,0CK C(NO,,) ,CH OH + (Ci1,0) 5 [C\N »)CHy cﬂgc(log)ngojgcug

The formal, a viscous colorless liguid, d= 1.641, was characterized by
elemental analysis and nmr spectra.

Bis(E-Fluoro-e,2~dinitroethyl) ether was obtained in 50-T70% yield hy
direct fluorination of the aqueous sodium salt of 2-fluoro-2,2-dinitroethyl
2,2-dinitroethyl ether at 0-5°:

H.O
FC(NO,) CH,OCH.C(NC_)."Na* + F ——ji—> FC(NO,)_CH_ OCH_C(NO ). F
2272772 2’2 2 2272 72 2'2

The compound, & colorless liguid, d= 1.629, bp 3100° (0.3 mm), was characterized
by its proton and fluorine nmr spectra and bty elemental analysis. A 5 g sampie
of the ether was subuitted to lLawrence Radiation Laboratory, Livermere, Califor-
nia who have specialized equlpment for stabiiity evaluation. These test results
are not yet available.

Similarly, chlorination of 2-fluoro-2,2-dinitroethyl 2,2-dinitropropyl
ether with sodium hypochlorite yielded 2 chloro 2,a-dinitroethyl 2-fluoro-2,2-
dinitrcethyl ether:

H. O
2 .
FC(NOQ)QCHEOCHECH(NOE)Q + NaOCl —=—3 I'C(N02) cn OCH C(N 201

The above reactions of 2-fluoro-2,2-dinitroethyl 2,2-dinitroethyl ether
suggested that the compound should undergo other reactions common to 1,1-
dinitroelkanes, such as, for example, MMichael and Mannich reactions. Its

L



reaction with melhyl vinyl ketone was brilefly cxplored, and the proton nmr
speetrum of the reaction product was consistent with the cxpeeted 6-(2-fluoro-
2,2.dinitrocthoxy)-9,5-dinitro-2-hexanone structure:

NaOll

— Pe(NO CH OC’H C{(NO,) . CH C'H COCH
31,0 S(NOy), (N05), Ctt 3

[

FC(NO, ) ,UH,0CH, C(NO, ) JH+Cll,,=CHCOCH

Some difficulties were encountercd with the purification of the ketone and
elemental analysis was not obtained.

B. SYNTHESIS AND REACTIONS OF 1-(2-FLUORO-2,2-DINITRCETHOXY )-2-PROPANOIL
DERIVATIVES

in conjunction with the syntnesis of 2-fluoro-2,2-dinitroethyl ether
~lternative routes were oxplored, and o number of internscting intermediates
vere synthesized. Cne such aiternate coproach is based on the {ollowing
reaction- of IZ-fluoro-2,2-dinitroethyl j;lycidyl ether

FC(NOE)QCHQOMQCI\{EJ/CHQHD( — F‘C(NOQ):(2120(.‘1{20}1(01{)l,'l{g)(

(Ox} NH_ Ol
—— FC(NO,),, CH ,0CH, 00+ 1 X —2 #C{10, )., CH,0CH,, C{ =NOK ) CH X

HNO, /H.0,, Fr

——3——-—5—> FC-CH_OWH, C(O,)),, Gl Ol = FC(N0,) GH_0GH _C(NO,_ ), F
2, Hydrolysis € naoH e a2 e 2°e

Due to time limitations only the first three steps of the above reaction
scheme could bte explored. A number of uscful 1. (2 flucro-2,2~dinitroethoxy)-
isopropanol derivatives and their reaction products are described telow.

A side-reacticn product, 1-(2-fluoro-2,2-dinitroethoxy)-3-c¢hloro-2-
propanoi,was lsolated and identiiied in the purification of crude Z-fluoro-
&,2-dinitroethyl glycidyl ether synthesized by react-ng aqueous aikaline
2-fluoro-2,2-cinitroethanol with epichlorohydrin. This c¢hlorohydrir, subse-
quently obtained quantitatively by reacting the “Lyc idyl ct“cr with dilute
hydrochloric acid, might be eithor the incompletely cyclized intermediate or
the product of reversible equilitriun between the glycidyl cther and cihloride
ions:

_0, KaCH ~HCL .0,
FC(NO ) Cii O..ﬂ,l“‘l "h.-C‘{‘—'—-‘) FC{NO.},.CH, o CH{0H) Ch, Co = Fe(no,, ) CH_OCH -,
o h (=0 o 2 $HOL c ez < @ o

It was {ound that thne epoxide ring of 2-fluoro-2,2-dinitroethyl slycidyl
ether can also readily be opened with other dilute aquecus mineral acids.
Thus, dilute hydrobromic, hydroiodic and nitric acid gave tne VOT*ES“‘LQ‘Q’Ly
substituted 1-(2-fiuoro-2,2-dinjitrocthoxy)-2-propanol derivatives in 75-95%



yiclids:

r‘C\IlO ) CH oCH, CH- CH +HX - FC(NG,, ) A CIL,0CH | CH(OH ) £1,, 51
¢ .~ 4 O - & «~ ' [

0
X = Br, I, ONO,
[

All thesc compounds werc charocterized by their elemental analyses and nmr
spectra.

A mixture of the two isomers reculted when the ;lycidyl ether was
reacted with acetic acid or when *-(.—f uorQ- u,a~diﬂ‘trOCuhOXj) 2, 3-propanc~
diel was acylated with acetic anhydride:

.0, (\.., 100,11/ \,'H%-'.TO,\HLL)
FC(NC, ) CH 0(,. SO "> I'C(HO, ), H.CCH, i (OH ) CH,.0C0LH |
PRl (AN ‘. < b}

“~ (=

+

,w(r:o ) (,’H,\OCH,\C}I(OCOCH:S)(,‘H,,‘OH
[ [~ < [

FC(NO, ) ,CH, Cull, CH (O ) COit+ ( CH u)) pyr _|

ntificd by their proton nmr spectra,
n

3
The compounds in the mixture wer:e 1d
isclate a“d to characterize the irndividual

but nc attempts were made to cla
componernts,

On the other hand, when l-{2-fluoro-2,2-dinitrocthoxy)-2,3-propanc-
diol was reacted with the more sterically hindered pivaloyl chleride, the
corresponding isopropanol derivative was cbtained almost exclusively in
guartitative ylclad:
Gii,,
FC(NQ, ), CE_OCH Cri(on)CH OH+(CH_} 2000l —-—«53;}‘3( ) CH,.OCK, CH{OE) CHACCCS( - ) g
2’2 2 2 2 3 S pyr 2 2 2 - P

The next step in the alternative reaction scheme to 2~x-uoro~¢,g dinivro-
cthyl ether required the oxidation of tne above 1-(2-fivoro- -<,2-dinitroetho Ky )=
2-propanrol derivatives to the corresponding ketores. This OXL“at“on was
accomplished in excellent yieids with Jones reagent {Reference 6) using ihrec

isopropanol derivatives: 1 (2—f;ucro-2,2-u nitroethoxy)-3- cn;o‘u-L-orouunol,
1-{2-fluoro- :,a dinitroethoxy)-3-nitrato-2-propanoi, and 1-{(2-fluoro-2,2-
dinitroethoxy}-3-carbo- t-tutoxy-I-propanol:

Cro ’LﬂbC

FC(NOp ) 5 G ,0CH,, CH{ OF ) GH,X 2T petno

CH, Och ZOCH X
Acetone 2

X = Cl, CNO,, 0COC{CH

2 3 3
All three l-(2~fluoro-2,2»dinitroethcxy)acctonc derivatives were distilled
in a molecular still and characcerized by elemental analyses end nmr spectra.

[



Time iimitations did not permit completion of the work or the alter-

native reaction scheme leading to 3-(2-fluoro-2,2-dinitroethoxy)-2,2-dinitro-

ropanol and 2-fliuoro-2,2-dinitroethyl ether. In a series of small-scale
prelimirary experiments using l-(2-fluoro—2;2-din1troethoxy)-3~(carbo-g-
butoxy)acetone as the substrate, it was shown that the ketone reacted with
hydroxyiamine Lo give the corresponding oxime whicli then was nitrated and
oxidized to the corresponding gem-dinitro derivative, l-(E-fluoro-E,E—
dinitroethoxy)-3-(carbo- 1-butoxy)-2,2-dinitropropane. These compounds were
tentatively characterized by theilr proton n.r spectra.

The above results showed that the alternate route to 3-(2-fiuvoro- 2,2«
dinitroethoxy)-a,E-dinitropropanol as outliined at the beginning of this
section is feasible, but further work is rneeded. Some of the intermediates
synthesized above might be useful in other reactions.

C. SYNTHESIS OF 1,3-BIS(2-FLUORO-2,2-DINITROETHOXY )-2,2~DINITROPROPANE

The successful alkylation of 2-fluoro-2,2-dinitroethancl with epichloro-
hydrin in aguecus alkaline solution to give 2- 1uoro-2,2-dinitroethyl glycldyl
ether (Reference 6) suggested that under suitable reaction conditions the
glycidyl ether might react with another mole of 2-fluvoro-2,2-dinitroethanocli
to give 1,3-bis(2-fluoro-2,2-dinitroethoxy)-2-propanol:

NaOH

‘c(vo ) CH Ok + CLCH,, CH- CH, ——> FC

5 (N 2)gcu OCH c,g.,cn2

H,0 .
l FC(NO,, ), CH,0H

FC(NO ) CH,, CCH CHWH)C" cei c(nu O F
-

"-c.

Several attempts to affect the above condensatlon were unsuccessiul.

Towards the end of the present research program it was obscrved that
alrylation reactions of 2-{luoro-2,2-dinitroethanol are facilitated by
formaldehyde. 1In the presence cf base 2-fluoro-2,2-dinitroethancl is known
to be in equilibrium with formeldehyde and fluorodinitromethane anions
(References 1 and 7). It was reasoned that an excess of formaldehyde would
shift this equilibrium to the leit:

OH~ /HQO /GH20
C(N Jol e}y - v o3
FC(NO,) ,CH,0H ¢ FC(NO,,),,CH,,0 ?.»é FS(NO, )5 + HAIO

Suppression of deformylation of 2-flucro-2,2-dinitroethanol in alkaline
agueous solutions was shown by *he following experiment. 2-Fluoro-Z,2-
dinitroethanol in agueous alkaline sciutlon reacts readily with o,p-unsutu-
rated carbonyl compounds to give the corrcsponding Michael reaction adducts

" fluorodinitromethane (Reference 8). The fluorodinitroethoxy moiety did
not add without prior deformylation:
NaOH
FC(NOE)Z,C}{QO!HCH:CID( -}T;J‘—)FC(NOE)zdiemIEX + HJHOV
x = O 1 l A‘
uOCIB, C02C215 or CN



It was now found that these reactions do not take place when a lurﬁv CNCULY
oi formaldehyde is added indicating that under thece conditlons Lliie concen-
tration of fluorodinitromethane anions is negligible.

The above obscrved formaldehyde cffect was exploited in a number of
alkylation reactions of 2-fluoro-2,2-dinitromethanol. Decomposition of
2-fluoro-2,2-dinitroethanol in aqueous aikaline solutions 1s attributed to
the instability of flucrodinitromethyl anions. Formaldehyde stabilized
alkaline 2-fluoro-2,2-dinitroethanol solutions allowinb higher rcegcvion tem-
peratures and longer reaction times., Higher yields of 2-fluoro-¢,2-dinitrc-
ethyl ethers by a factor cor two or mcre were obtained under these conditions
using allyl bromide, propargyl bromide, propylcne oxide and epichiorohydrin
ag alkylating agents.

The crude reaction producls obtalned in alkylation reaction employing
excess of formaldehyde were usueily contaminoted with small amounts of
polymeric products (polymethyiencoxides ?) introduced by formeldenyde solu-
tions. Thesc lmpurities presented sciie provlems in the purification of
alkylation products.

The above described alkylation conlitions using formaldehyde to sup-
press deformylation of 2-{luoro-C,2-dinitroethanol were applied in the
synthesis of 1,3- bio(2-;_uoro 2,2.dinitroethoxy)-2-propanol. 2-Fluoro-2,2-
d¢nitrocthyl clycidyl ethier reacted with alkaline 2-fluoro- E,L ~dinitrcethancl

formaldehyde solution to give the desired alcohol in L(Q-50% yiclds. The
compound could be distillied in & molecular still and was characterized by it
elemental analysis and proton nnmr spectrum.

materinl in the synthesis of 1,3-bis(2-fivcro-2,2-dinitroethoxy,-2,2-dint
propane. This synthesis was accomplished via the corresponding ketcne and
oxime. 1,3~ -Bis(2-fluoro-2,2-dinitroethoxy)-2-propanol was oxldized to
1,3-bis{2-fluore-2,2-41 ni*roetno\y)aceuonc with Joncs reagent:

1,3-Bis{2-fluore-2,2-dinitroetlony)-2-propanol was used &a the starting
niwr

¢r0., /1,80
F2(NO, ), CH, OCi CH(OH)CH_CCH_C(NC,.)_F —-1————*15 FC(\' LCH ot | o
2272 2" "2 2’2 Acod 272
ceLone 2

The ketone, cbtained in 95-100% sield,was distilled and was characterized by
elemental analysis and nmr spectra. + reacted with hydroxylamine to give
1,3-bis(2-flucro-2,2-dinitroethox )*"etono oxime:
Ci1 0G| CO+ ML Ol —> [Fc (NC,) . CH,.CTH | C=NCH

2 22 2’2 2 2

(=4
The oxime was not purified but its proton nmr spectrum was consistent with
the structure. The crude material was nitrated and cxidized to give i, 3-
bis(2-Fluoro-2,2-dinitrocthoxy)-2,2-dinitropropane:
1) 90% HO,

! 7 . Mant vy

& . ~ - =] 1 [UCEEE—.- Y .
[C\'\IOE)(_C'HLOCH%lQC NCH | c\\oz)2 ocn]

Yoy
2) L202

[Fc(Noe)2

(NOy)o

~

-
~
[

o



1, 3-Bis(2-fluore-2,2-dinitroethuxy) -2, 2-dinitropropane, the bis(Q-rluoro-2,0-
dinitroethyl) ether of 2,2-dinitropropancl, was puriiied by chromatography
using basic alumina and characterized bty eclemental analysis and its proton
nrar spectrun.

D. MISCELLANEOUS REACTIONS OF 2-FLU®R0-2,2-DINITROETHANOL

During the course of this work a number of other reactions of 2-fluoro-2,2-
dinitroethanol were explored. These unrclated reactions are summarized beloew.

Agquecus alkaline 2-fluoro-2,2-dinitrocthancl reacted slowly with propargyl

bromide to give trace amounts of 2-fluorc-2,2-dinitrocthyl proparpgyl cther:

NaOli
FC(NOE)CC!{QO}HBrCHECsCI‘. ——3> FC{NO,) QI OCH Csal

;IEC
The ether was subsequently obtained in #0-0%% yicids by adding formldenyde
to the reaction mixture, as discussed in the previous section. The compound
was characterized by elemental analysis and nmr spectra.

2-Flucro-2,2-dinitroethyl propargyl cther reacted with one mole of
bromine to give 2-fluoro-2,2-dinitroethyi 2,3-dibromoalilyi cther:

[al
LA -

FC(NO.) CH_.OCH C=CH4+Br,. -———> FC(NO.)_Cli_OCH CBr=CHBr
2/ 2" 2 2 e e

In concentrated sulfuric ac¢id 2-fluoro-2,2-dinltroethyi propargyl ctner
was slowly hydrated to give (2-flucro-2,2-dinitroethoxy)acetonc:

1,_S0
FC(NOE)ECH o, c-scmug——L—‘a FC(NO ), Ci1,_OCH, COCH
2 e 250 22 2 P 3

This xetone was previously synthesized in the oxidation of L-(2-fiuorc-2,2-
dinitroethoxy)-2-propanol which in turn was obtained in the alkylation of
2-fluorc-2,2-dinitroethanol with propylene oxide (Reference 6).

e-Fluoro-2,2~dinitroethancl reacted slowly with agueous serdcerbazide
to give the corresponding Mannich condensation product, b-(2-fluoro-2,2-dinitro-
ethyl)semicarbazide:

H,0

Fe( Noe)emaommemcome—ﬁ—-) FC(NOQ)QCHQI-HINHCONHZ

The halogenation of 2-fluoro-2,2-dinitroethylamine and bis(2-{luoro-2,2-
dinitroethyi)amine with sodium hypochlorite and sodium hypobromite was btriefly
explored but the results are inconclusive. It appears that the corresponding
N-halo derivatives might have been produced in this manner, but more work is
needed. N-Halo(E-fluoro-Z,2—dinitrocthylamineg) were intended o be used in
Rasching reactions leading to polynitroalkylhydrazine derivatives.



Another reaction briefly cxplored was the synthesis of (2-fluoro-Z,a-
dinitroethoxy)vinyiene diisceyanate from {2-fluoro-2,2-dinitroctlioxy)tumaric
acid via the Curtius reaction:

FC(NO,,),, G, 08C0 1 FC(RO_),.CcH_0uC0Cl
- 1l € +2PCL—> “ - 2Nal,,
l > ll ____2T>
RO, CCH C1OCCH 4,0 "
[

FC(N02 )emx,\occon3

PC(N0,) _Cll_OCNC
) . 2%
= ” C H), L “ I

' >
N_OCCH ! paN \Ta]
3 N ONCCH

The preparation of (2-fluoro-2,2-dinitroethoxy)fumaryl chloride was previously
reported (Reference 2). The remction of the acid chloride with agueous sodiunm
azide and the Curtius rearrangement of the latter to (2-fluoro-2,2-dinitro-
ethoxy)vinylene diisocyanate proceccded in & normal manner. The diisocyanate
was characterized by elemental analysis and its proton nmr spectrum. The
compound polymerized readily at ambicnt temperaturc in a matter of hours.
Samples of the diisocyenate contuining acyl chloride polymerization irnhibitors
could be stored in a refrigerator for several ronthis.

The successful nitration and oxidation of (2-fluoro-2,2-dinitrccthoxy)-
acetaldoxime with fumlng nitric acid-hydrogen peroxide suggested that other
aliphatic aldoximes might also uhdergo analogous reactions to give the cor-
responding 1,l-dinitro derivatives. With this objecctive in mind, o number
of exploratory nitration reactions werc carriled out using acetaldoxime and
methoxyacetaldoxime as model compounds. Cnly trace-amounts of the correspond-
ing 1,1-dinitro derivatives werc obtained with both substrates and the yield
could not be improved under a number of different reactler conditicns. The
nitration with nitrogen tetroxicde was also briefly examined but apgain yields
vere very low. More work is nceded in this area.



SECTION 1V

EXPERIMENTAL

GENERAL

Some of compounds synthesiied on this program might be sensitive to
impact anu friction and should be handled with care. 2-Fluoro-2,2-dinitro-
ethanol and its derivatives show varying degrec of toxiclity.

Nmr spectra were measured on a Varian T-60 spectrometer. Proton and
fluorine chemical shifts are reported in ppw relative to TMS and {luoro-
trichloromethane as internal standards, recspectively.

(2-FLUORO-~2,2-DINITROETHOXY )ACETALDOX IME

A mixture of 4.9 g (0.02% mol) of (2-fluoro-2,2-dinitrocthoxy)acetal-
dehyde, 5.75 g (0.0825 mol) of hydroxylumine hydrochloride, and 11.3 ¢
(0.0825 mol) of sodium acetate trihydrate in 7O ml of absolute ethanol was
refluxed for 45 min, and then ca 6V ml of cthanol was removed at 25° (25 mm).
The resldue was added to 100 ml o{ ice-water and the product was cxtracted
with 3% ml of methylene chloride. The extract was dried and the solvent was
removed to leave 5.2 g of iiquid which was distiiled in a molecular cstill at
100-105° (0.1 mm) to give 4.8 ¢ »f a colorless liquid, Y1% yield.

Anal. Calcd for CHH6N3F06: C, 22.75; 0, 2.84; N, 19.90; ¥, y.01. Found:
C, 22.L6; ¥, 2,58; N,”19.60; F, J.1.

Proton nmr (CDCl3): ¢08.k4 (s, broad, 1H,=NCH), 7.

6U% anti-CH=), 6.84 (t;J=4.0 Hz, ca 4“0 syn-Ch=), L.62

syn-isomer), 4.53 (d,J=19.0, F¢Cﬁ2-anti-isomer), L. 50

syn-isomer), and 4.25 (d,J=5.8 H.., OCH,C=, anti-isomer
110.9 (t,JHF=18. 7 Hz).

e
=
-
™
L

2-FLUORO-2,2-DINITRCETHYL 2,2-DINITROETHYL ZTHER

To a stirred and cooled (ice-water bath) solution of 4.2 ;; (0.C2 mel)
of (2-fluoro-2,2-dinitroethoxy)acetaldoxime in GO mL of methylene chloride
at 3-5° was added dropwise over 2 period of 7-8 min 10 g of 90% nitric acid.
The mixture became turbid and then blue in a moderately excthermic reaction.
The deep blue sciution was stirred for 20 min and then to it was added, drop-
wise, over a period of 20 min, 6.5 i of 30% hydrogen peroxide until the bluec
color was discharged. The reaction mixture was stirred with 90 mi of ice-
water for a few minutes. The methylene chloride soiution was dried over
anhydrous sodium sulfate, filtered and concentrated to leave 3.5 g (65% yield)
of crude 2-fluoro-2,2-dinitroethyl 2,2-dinitroethyl ether, a colorless liquid.
An analytical sample was distilled at 105-110° (50 m) in a molecular still.



Anal. Caled for CHHSNuFO9: ¢, 17.64; u, 1.84; N, 20.59. Found: C, 18.2;
H, 1.64; N, 19.2.

JFroton nmr (CDCL.): §6.51 {(t,T=6.0 Uz, 31, CH), h.ob (d,Jyp=19.8,
21, FGCHa-), and 4,80 €d,J=6.0 Hz, DM, CIL,).

2-FLUORO-2,2-DINITROETHYL ETHER

2-Fluoro-2,2-dinitrocthyl 2,2-dinitroethyl ether, 3.5 @ (above), was
dissolved at 09 in a solution of 1.0 ¢ of sodium hydroxide in 65 ml of water
and the resulting orange-red solution was fluorinated with elementary t'luorine
(d1luted fourfold with nitroger ) until the solution became ccliorless (10 min).
The mixture was extracted with 3% ml of methylene chloride to give 2.3 g of
2-fluoro-2,2-dinitroethyl ether, 62% yicld, bp 100° (0.4 iam).

An&i. Calcd for Ch

An HuNuFeogz ¢, 16.6; H, 1.4; ¥, 13.1. Found: C, i€.7; E, 1.3;
F, 12090

Proton nmr (CDCL.):<$4.57 (Q,Jpp=16.0 Hz). ¥luorine nmr: ¢ 109.2, a
poorly resolved tripleé.

2- CHLORO-2,2-DINITROETHYL 2.FLUORO-2,2-DINITROETHYL ETHER

To 20 mi of 5.3% aqueous sodium hypochlorite was added 0.5 ¢ of 2-fluoro-2,2-
dinitroethyl Z,2-dinitroethyl ether. The mixture was stirred for 10 min and
extracted with 20 ml of carbon tetruchloride to leave 0.95 ¢ of 2-chloro-2,20-
dinitroethyl &2-{fluoro-2,Z-dinitroethyl cther, o colorless liquid.

Anai. Calcd for ChHuNhClFOQ: ¢, 15.66; 1, 1.3C; F, 6.20. I'ound: C, 16.1;
H, 1.09; F, 6.3.

]
Proton nmr (CCL;):¢&5.03 (d4,J=16 Hz, 2H, FCal and k.97 (s, 2H, Ci

57)
3-(2-FLUORO-2,2-DINITROETHCXY) -2, 2-DINITROPROPANOL

To a suspension of 1.0 g of crude 2-flucro.g,2-dinitroethyl 2,2-dinitro-
ethyl ether in 10 cc of water was added 1.0 g of 37% agueous formaldehyde and
a few drops of 5% aqueous sodium hydroxide. The mixture was stirred for 20 min
at 18-25° and then acidified with a few drops of 10% nydrochloric acid. The
mixture was extracted with two 7 mi portions of methylene chloride. The con-
bined methylene chloride extracts were concentrated to leave 0.95 g (86% yield)
of 3-(2-fluoro-2,2-dinitroethoxy)-2,2-diritroproparol. An analytical sample
was distilled at 120-125° (0.1 ma) in a molecular stiil.

Apal. Caled for CSH7NhFOlO: C, 19.87; H, 2.33; F, 6.28. Found: C, 20.12;
H, 2.01; F, 6.1.

2 -

Protor nmr (CDCL,) &4.70 (4,Jpy=1€ Hz, 2H, FCCH,™), .63 (s, 2H, Jli,,

-
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SOEAC-C-), B.h3 (s, 21, dl,‘,-nlt-\u:.()!l), and L7 (brond w, 1M, 0l
3-(2-FLUORO~, 2= DINITROBTHOXY ) -:*, 2-DINITROPROPY L, FORMALL

To a stirred solution of 0.6 ; (0.002 mol) of 3-(2-fluoro-2,<-dinitro-
ethoxy)-2,2-dinitropropenol and 0.03 g (0.001 equiv) of s-trioxane in 10 ml
of methylene chloride at 5.10° was added 1.0 mlL of concentrated sulfuric
acid. The mixture was stirred at 22-25° for 2 hrs and phases were separated.
The sulfuric acid phase was extracted with two 10 ml portions of methylene
chloride. The methylene chloride solution was combined with extracts. The
solution was washed with 20 ml of water and evaporated to give 0.4 g of a
colorless viscous oil, d=1.641, which was not further purified.

Anal. Calcd for CpiHj3NgF Onq6: C, 21.Lk7; H, 2,17; F, 6.17. Found: , 21.28;
H, 1.97; F, 6.41. e

, Proton mmr (CDCL,): 6 b.77 (s, 2, formal CH,.), 4.79 (d, Jgp=16 Hz, LH,
2FCCH,-), .65 (s, WH,72FC-CH,0CHS-), and 4,37 (s bH, - CCllA0CHAGCHAL- ).

1. CIILORO- 3~ (2-FLUORO-2, - DINITROETHUXY ) -2 - PROPANOL

A suspension of 2.1 g (0.01 nicl) of 2-fluoro-2,2-dinitroethyl ¢lycidyl
ether in 30 ml of 8% hydrochloric acid was stirred at 25¢ for 16 hrs. ‘The
mixture was extracted with 20 ml of methylene chloride to give 2.45 ¢ {100%
yield) of l-chloro-3-(2-fluoro-2,Z-dinitrocthoxy)-2-propancl. An analytical
sample was distilled at 100° (0.1 mz) in a molecular still.

Anal. Caled for C5HQN2C1F88: C, 24.53; H, 3.25; N, 11.36; F, T7.7. Found:
C, 24.57; H, 2.91% §,710.86; F, 7.6.
(

Proton nmr (CDCl,): ¢ L.65 (d,0yp=17.4 Hz, 2H, FOCH -), 2.70 (broad s,
1H, OH), and superimpofed sultiplets at 3.L7-L.17, SH, C EQHCHQ). Fluorine
nar: ¢ 111.0 (poorly resolved triplet).

The coumpound was 8iso obtained as the side reaction product (incomplete
cyclization) in the synthesis of 2-fluoro-2,2-dinitroethyl glycidyl ether
from 2-fluoro-2,2-dinitroethanol and epichlorohydrin.

2~FLUCRO-2,2-DINITROETHYL GLYCIDYL ETHER

To & stirred solution of 1.23 g (0.05 mol) of l-chloro-3-(2-fluoro-2,2-
initroethoxy)propanol in 5 ml of methanol at 22-25° wns added, dropwise, a
solution of 0.34% g (0.05 mol) of 85% potassium hydroxide in $ m} of methanol.

The mixture was stirred for 15 min, diluted with 50 ml of ice-water and
extracted with 25 mi of methylene chloride. The extract was distilled to
give 2.0 g (95% yield) of 2-fluoro-2,2-dinitrcethyl glycidyl ether, bp T1°
(0.1 mm); 1lit. (Reference T) bp 70-71° (C.1 ma).



1-BROMO-3. (2-FLUORQ-2, 2 - DINITROETHOXY ) -2 - PROPANOI,

The title compound, & coloriess liquid, distilled in a imolecular otill
ot 110° (0.1 mm), was obtained in 90P yicld by reacting 2-fluoro-2,2-dinitro-
cthyl glycidyl ether with 10% hydrobromic acid following the above proeecdure.

Anal. Caled for 05n NqBrrOG ¢, 20.G2; B, 2.76; N, 9.62; ¥, 6.52. Found:
C, 20.80; H, 2.317 9.50; F, 6.4,

Proton nmr: 6 4,65 (d.Jpp=17.2 liz, 2H, b QQIn ), 2.58 (4,9 0;=3.8 Hz,
11, o), and 3.33-4.13 (superimposed muitiplets, SH, WLWQn}2) Fluorine
nmr: § 109.5 (poorly resolved tripiet, Jyp=l7 Hz).

The compound was also identificd as the side reaclicn product in the
synthesis of 2-fluoroc.2,2-dinitrovethyl (lycidyl ether from 2-fluoro-2,&-
dinitrocthanol and cpibromohydrin in aqucous godium hydroxide soiution.

1-I0D0-3-(2-FLUORO-2, 2-DINITROETHUXY } PROPAKOL

The title compound, a coiorless liquid distilled in a molecular still
at 115-120° (0.1 mm), was oblained i 92% yield by reacting 2-flucro-2,2-
dinitroethyl glycidyl ether with 18% hydroiodie acid following the procedurc
used for the synthesis of the chioro analogue.

Anu;. Lalud for chBN AFI104: L, 17.76; H, £.38; N, 8.28; F, 5.62. Found:
C, 18.08; 1, 2.31% H,77.8; F, 5.7,

27 (broad s,

Pro.on i (CDCL 4063 (¢, Jyp=17-1 e, 2H, L), 2.6
rluorine nnr:

i, OH), 3.13-4,05 (superimposed multiplets, Sil, LLHCL"hn).
¢ 109.6 (t,J5r=17.0 Hz).

1- CARBO- £ - BUTOXY~ 3~ (2-FLUORO-2, 2~ DINITROETHOXY ) -2- PROPANOL

To a stirred solution of 2.28 ¢ (0.0l mel) of 3-
cthoxy)-i,2~-propanediol and 0.84 7 (C.01 mel) of pyridine ir 20 wmi of methylenc
chloride was added at 20-25° dronwisc (3 min) a solution of 1.20 ¢ (0.0L mol)
of pivaloyl chloride in 5 mi of 1ct1J.°rc chloride. The mixture was stirred
for 10 min;, washed with S“ ml of 3% ydrochloric acid, dried and concentrated
to give 3. 05 ¢ (98% yieid) of l-carbo-% t-butoxy_ 3(2-ivoro-2,2-dinitroethoxy ) -
%-nrowano*. An analytical sample was distilled in & moieccular still at 135°

0.1 mm).

(2-fluoro-2,2-dinitro-
din

|,.|

Anal. Caled four Cy; 7nnFog C, 38.h6; U, 5.48; N, 8.97; F, 6.08. Fow:d:
S, 38.8¢; 1, 5.&8, i, 8.69; F, 5.92.

Proton nar (CDC13) Sk 72 (a,Jyw=18.C, 2, FCCHA-), 3.25 (broud s, 1H,

oy, .22 (s, Sil,-CeCH ) , and 3.25-363 \sAperlmposedcuultiplets, -CHQGIU%:-L
Fluorine nmr: ¢ 110.0 (t; JHF=17.S lz).

1L



1~ (2-FLUORO-1, 2= DINITROETIHOXY ) - 3 BITRATO-1 = PROPANOL,

To a stirred solution of 7.0 ml of 70% nitric acid in 14 ml ot water
vas added 2.1 g (0.01 mole) of 2-fluero-Z,2-dinitrocthyl glycidyl cther and
the mixture was kept ot 22-25° for 20 min. The solution was cxtracted with
15 ml of methylenc chloride and the extract was concentrated to leave 2.2 ¢
of l-(2-fluoro-2,2-dinitroethoxy)-3-nitrato-2-propanol (80 yicld), a color-
less liquid. An analytical sample was distiiled in a molecular still at
125° (0.1 mm).

Apal. Caled for CHgN.FO4: C, 21.98; 1, 2.95; F, 6.95. Found: €, 21.92;
W, 2.68; F, 7.1.

Proton nmr (“D“lB) §4.67 (4, Jyp=16.0 lz, Ln, FgChq ), 2.80 (vrosd s,
11, O), and 3.50-4.507(superimposed mallipicts, 5H, -CHa ”tn -). ¥luorine
nmr: 0 110.7 (poorly resolved triplet).

1- CHLORO- 3- (2-FLUORO-2, 2-DINITRONTHOXY YA CETONE

To a stirred solution of .94 (1 (0.2 mol) of i-chicro-3-(2-fiuoro-2,a8«
dinitroethoxy)-2-propancl in 75 :l of acctone was added at 20-23° dropwise
over a period of 45 min chromic-sulfuric acid solution (Jones reugent pre-
pared by adding 1.75 ml of concentrated suifuric acid to a solution of 2.0 ¢
of chromium trioxide in & ml of wuter). The mixturk was stirred for an
additional 5 min and the excess oif chromium trioxide was destroyed with a
few drops of isopropanol. The mixture was filtered and the filter cake was
washed with two 5 il vortioans of acctonc. The combined filtrate and washings
were stirred with 5 5 of sodium bicarbonate for 10 wmin, filitered, and concen-
trated to ca 10 ml. The concentrated solution was added to 80 al of water
and extracted with L5 ml of meth:rlenc cnioride to give h.§ ;3 (4% yield) of
l-chloro-3-(2-fluoro-2,2-dinitrocthoxy)acetone, a colorless liquid. An analy-
tical sample was distilled in a :olecular still at 125¢ (0.1 mm).

A.al Caicd for csvﬁnqc;‘ % C, Yi.%9; H, 2.45; N, 11.45; F, 7.76. Found:
ah.69; H, 2.6L3 35 F, 7.9

Proton nmr ()L 50% CDCL,-Cully, ):51¢.6
L.52 (s, 2H, Cthuo , and l, Oé (o, QH, -CH
resolved t“ipLGt, Jups1iT iz

\

)JHF“l .0 '1[‘, Qn, .‘\{\"u\' /,
. Fluorine nar: 109 7 {poorly

l-(2—FLUORO-2,2-“INITROETHOXY)-3-(GARBO-EuBUTOXY)ACETONE

The titlie compound, u colorless oil, was prepared in 859 yield by oxida=-
tion of 1l-(2-Iluoro-2,2-dinitrocthoxy)-3-(carbo-t-butoxy)-2-propanol with Jones
reagent following the above procedure. An analytical sample was Gistilled in
a molecular still at 145° (0.1 wmnm).

Anal. Calecd for C1o H15N2F08 C, 38.71; I, &.87; N, 9.03; ¥, 6.12. Founa:
C 38 73) 5.30; I“r 9. -1-8 F 5. 96



Proton nmr (cpey L.75 (d,JHF=lG.h Nz, oW, Fe- un2 ), %.63 (s, 21,
OCH.,C0), b.37 (s, 21, éW and l.25 s, 9H, C(dl3) . Flubrine nmr: 0 110.6
(poSrly resolved tr iplct, JHF=16-5 Hz).

1-(2-FLUCRO-2,2-DINITROETHOXY ) - 3- NITRATOA CETONE

The titie compound, o colorless liquid, was prepured in Q0% yicld by
the oxidation of 1-(2- ;luoro—é,?-dinitrocthoxy) 3-nitratlo.z-propanol with
Jones reagent following the procedurc deserlbed ateve for the 3-chlioro
?naloguc. An analytical sample was distilled in a molecular still at 12459

0.1 mm).

Anal. Calcd lor CSH6N3F09: o, 22,1 i, 2.23; F, 7.0. Found: C, 21.93;
M, 2.03; F, 7.1.

, P*oton nr (CDCL_): ¢5.13 (s, 2H, CH“OHOE) 15
FCCH,-), and 4.48 (s, él, CH,). Fluorine Amr:“¢ 109.4 (wooriy r
tripﬁet <

ALLYL 2.FLUORO-2,2-DINITROETHYL iTHER

70 3% ml of 37- LO% aqueous formaldchyde in 150 ml of water was added
30.8 g (0.2 mol) of 2-fluoro-2,2-dinitrocthancl and u solution of 10.6 ¢
(0.26¢ moi) of sodium hydroxide in 10 ml of water. To the resulting solution
was added 36.3 g (0.3 mol) of ailyl bromide and the mixture was stirred tor
45 nrs at 23-250. The mixture wus extrocted with 90 nl of methyleae chloride
to give 25.5 g (66% yield) of allyl 2-fluoro-zZ,&-dinitroethyl ether, bp 31i°
(0.2 ms), 2it. (Reference 7) bp 31-320 (0.C mm).

1, 3-BIS(2~FLUORQ-2, 2~ DINI'TRCETHOXY ) -2~ PROPANOL

To a solution of 4.0 ¢ {0.020 mol) of 2-fluorv-2,0-dinitrocthanol in
35 ¢ of 37% agueous formaldehiyde was added L.32 py of 85% potassium hydroxide
(0.02 mol) in 4 ml of water, 4.2 g (0.02 mol) of 2-flucrc-2,2-dinitroethyl
¢lycidyl ether and 5.0 ml of methanol. The reaction mixture was stirrecé at
22- 250 for 20 hrs, diluted with water to 120 ml, ané extracted with 50 mi of
carbon tetrachloride. An insolubic cil separated, which was extracted with
LO ml of methylene chloride to give 3.0 g of 1,3-bis s{2-fluoro-2,2-dinitro-
ethoxy)-2-propanol. An analytical sample was distilled in a molecular still
at 155-160° (0.1 mm).

Anal. Calcd for CH, N F.O..: C, 23.¢8, N, 2.76; F, 10.43. VYound: C, 23.30;
7 11 b ) i ’ > } L )
H, 2.61; F, 9.8.U7 1h2

Proton nmr (CDCLl,):6 L.€5 (d,Jpw=17 G, L, Fﬁ°"a‘), 2.52 (broad s, 1i,
OH}, and 3.52-4.02 (superimposed mul ivlc+g, ol, - CH,CHCH, - ). Fluorine nmr:

111.2 (poorly resolved tripiet).

2-Fluoro-2,2-iinitrocthyl ilycidyl cther, 1.6 g (C.0076 mol),

16



recovered on evaporation of coarbon tetracihloride phase above. The yield of
, 3-bis(2-fluoro-2,2-dinitroethoxy)-2-propanol amounted to 66.5%.

1, 3-BIS(2-FLUGRO-2, 2 -DINITROETHOXY )A CETONE

To a stirred solution of 13.1 ¢z (0.03C wol) of crude 1,3-bis(2-luore-2,2-
dinitrocthoxy)-2-propanol (above), In 120 ml of wcetone at 20-22° was added
dropwise, over a period of U5 min, a solution 0.0 ¢ (0.1 mol) of chromium
trioxide and 8.0 g of concentrated sulfuric acid in 10 mi of water (Jones
reagent) until chromate color perclcted. The unrelated chromatc was
destroyed with a {ew drops of isopropanol. The mixturc wus filtered and the
filtrate was stirrecd with 10 ¢ of sodium biearbonate for 10 min. The mixture
was flltered apain and the filtrate was concentrated to ca 1% ml. The concen-
trate was added to 200 ml of watck and a water- iruuiublc_fiquid was cxtracted
with 60 ml of : sethyiene chloride Lo give 12.8 (quanfltative yieid) of 1, 3-
bis(E-fluoro-E,E dinitroethoxy)acetone, a colorless liguid. An analytical
sampic was dictilled in a molecular still at i4C° (0.1 mm).

Anal. ga.lcd for CHgl F,0\1: €, 23.21; N, 0.22; ¥, 10.49. Found: &, 23.13;
H, 2.06; F, 10.3.

e

Proton mar (CDCL,): dk4.T2 (-,
i

1 =1
LF
Ly, -CHQCOCJ’C-). Fluo¥ine nmr: ¢ 111.2

P

160 liz, b, OFCCHA-), and L.W3 (3,
(pooriy resolved tripiet).

L, 3-BIS(2-FLUCRO-2,2~DIBITROETOY JA CETONE OXTi8

frn o

To o soiution of 10.0 ¢ (ca 0,03 mol) of erude 1,3-bis{f-Fluorv-o,o-

P S . N 11 - -
dinitrocthoxyjacetone (cec above) in 70 ml oo methanol was added 5.1 ¢ of
hydroxylamine hydrechloricde and C ¢ of sodiwm acetate tribydrate and Lhe
mixt

ure was refluxed for 3 hrs. Tae net mixture was filtered and the iltrate
concentrated to 20 ml. The concentrated mixture was added to 100 ml of water
and water-inscluble oil wag cx*“uctcd with 50 mi of nctrylcne chloride. Th
nethylene chleride solution was concentrated Lo give 10 ¢ of crude 1, 3-bis
fluoro—?,E-din*troetnoxj)ucetonc oxine.

Lo}

~

. Proten nmr (CDCl, ) £7.50 (s, bLroad, lH,fNOH), b.72 (g, Jyp=1€.8, b,
aF gl -), and .67 and h.LB {s, Lii, -Qﬂec(=NOHjCE2-, for syr and anti isomers).
These prclimiﬂary assignmerts arc subject to changes

1,3-BIS(2-FLUCRC-2,2-DINITROETHO(Y ) -2, 2-DIIITROPRCPANE

To a stirred sclution of 2.0 & of crude i,3-bis(2-flucre-2,2-dinitro-
cthoxy)acetone oxime (above) in 30 mi of methylene chloride at U-%°was added
dropwise, over a nerlod of 10 min, 3.Y% ¢ of 90% nitric acid. The remction
mixture £irst turned turbid and ‘hen deep blue. After 20 min, 3C% hydropen
peroxide was added dropwise (20 min) until Llue color of the solution was
discharced. ‘“The mixture was added te 6C rmi of ice-water and the phases were
separated. The methylene chloride solution was stripped to give 1. ¢ of crude
1,3-bis(2-flucro-2,2-dinitroethoxy)-2,2-dinitropropane. ke ecrude naterial was



purified by passing its CDCL, solution thiroush a ¢.%5 x 29 mm column of basi
alunina (Biorad, AGLO, 100-260 mesh).

Anal. Calcd for C7HSN6F"01“: C, 19.18; H, 1.8k; P, £.47. Found: C, 2C.30;
H, 2.01; F, 8.4, <
Proton nmr (CDCL.): {470, (d,dyp316Hz, W, OFCQL.-} and 4.55 (o, bE,
«CHQC(NOO)AGLq-). Fludrine mar: ¢ 110.8 (poorly resolved tripict).
L &

2-FLUCRO-2,2-DINITROETHYL PROPARGYL ETHER

To a mixture of 3.1 ¢ {(C.C2 mol) of 2-flucro-2,2-dinitroctiancl, 2C L
of 18% aqueous forwaldelyde, and 1.0 5 (G.029 mol) of scdium hydroxide was
added o.4 g (€.02 mel) of propariyl bromide. The reaction mixture was siirred
viporousiy at 22-259 for 30 hrs und then was extracted with 25 ml of wethylene
chloride. The methylenc chloride extract was distilled to sive 2.1 ¢ cf
2-fluoro-2,2-dinitroethyl propariyl cther (55% yicld), a colorless liiquid,

bp 35° (0.3 mn).

Anal. Caled for CeHeN FOc: C, 31.25; I, 2.62; N, 14.58; F, 9.89. Found:
¢, 31.56; H, 2.52% 3, wlo; F, 9.k,

Proton mar (CCL ): »4.59 (d,Jdyp=17.8 Hz, 2H, iﬂ@cnﬂ), b.28 (4, dyy=3 lz,
&, OCHACE), ond 2.567(b,Jyy=3 Hz, 1H, -CZCH). Fluorin€é nmr: ¢) 116.7 {poorly

resolved triplet).
2-FLUORO-2, 2-DINITROETIYL 2, 3-DIBROMOALLYL HTHER

To a stirred suspension of 1.92 ¢ (0.01 mel) of Z-{iuoro-2,0-dinitroethyi
propargyl ether in 25 ml of water was added 2.6 g (0.C1 mol) of vbromine. The
reacticn mixture was stirred at ZLF {er 30 min and then was extracted wi<h

20 ml of methylenc chloride. The netuiyiene chloride extract was fracticnatea
to give 2.28 g of 2-flucro-2,2-dinitrocthyt 2,3-dibremoallyl ether, a colorless
liguid, bp 80° (0.1 mm).
Ansl., Calcd for C5HSN2FBr20 C, 17.05; N, 1.43; F, 5.39. Founa: C, iT7.hk1;

———

T, 1.33; F, 5.5k. e

Proton nar (CDCL,):8 6.82 (s, 1II,=CiBr), 4.55 (d,Jyp=17.0 Hz, 2l,
and 4.57 (s, &ll, -CH5CBr=). Fluorine nmr: ¢ 1.2,0 (poorly resolved triplet).

» P_J
&
o

n
t
3
:

)

HYDRATION OF 2-FLUORO-2,2-DINITRCETHYL PROPARGYL ETHER TO (2-FLUORO-2,2-
DINITROETHOXY )ACETONE

2-Fluoro~2,2-dinitroethyl vropargyl ether, 0.5 g, was added dropwise

at 25° to 10 ml of concentrated sulfuric acid. The reaction temperature
increased to 30-32O and the mixture darkened. After 5 uin, the reaction

18



mixture was added to 50 ml of ice-water und extracted with 5 ml of carbon
tetrachloride. The proton nmr spectrum of the extract showed Lhat it
contained 80% of the starting material and 20% of (2-tluoro-2,2-dinitro-
ethoxy)acctone (Reference 7).

4 - (2-FLUORO-2, 2-DIKITROETHYL ) SEMI CARBAZIDE

To a stirred solution of 3.35 ¢+ (0.03 mol) of semicarbazide hydro-
cehloride and 5.062 ¢ (0.03 mol) of O-fluoro-2,0-dinitroethanol in 29 il of
water wae added dropwise, at 0-59, a solution of 1.2 ¢ (0.03 mol) of sodium
hydroxide in 1C ml of water. WNo vigible change vsceurrcd. A white crystai-
line solid, 2.5 g (9% yicid), me LOM-JOSO, pradually deposited abt 09, and
was collccted by filtration after six weeks. Ap anuiytical sampie was
crystallized {rom water.

Anaol. Caled for C3H n5 ¢, 17.06; i, 2.84; N, 32.18; F, 9.0C. Found:
¢, 16.78; H, 2.497 3 33’09, F, 9.0.

Proton nmr (D.0): 4,68 (s, LH, K and HH,), und 4.28 (d,Jdyp=17.6 Iz,
2k, Ciy). ”

(2-FLUOR0-2,2-DINITROLTHOXY )VINY; ilE DIISOCYANATE

To a stirred and cocled so.uticn of 1.95 ¢ (0.03 mol) of sodium azide
in 20 ml of water ai 15-18° was udded dropwise over a period of 5 uin a
solution of 3.05 ¢ {C.01 mol or C.02 cquiv.) of (2-fluore-2,2- uwthro-
cthoxy)fumnryl chloride (Reference 2) in 35 ml of cihylene chloride. After
30 min, the mixture was cooled Lo 59 and the phases were separatcd. The
cthylene chioride soluticn was dried over anhydrous sodiuwm sulfate and
filtered. The filtratec was warmed to €5-70° in a distillation apparatus
crotected from moisture by a Co¢l, drying tube. When cas cvoluhlvn ccased
(ca 2C nin), the solution was rerluxed fer 5 nin. The solvent w renoved
to give 2.6 ¢ {100% yield) of crude (2-fluoro-2,2-dinitrocthoxy)vinylerne
diisocyarate, a darx iiguid. An analytical sample vas Cistilled at 90-55°
(50u) in a molecular still to pive pale-yellow liguid.

Anal. Calcd for CéPB : C, 27.44; 1, 1.ih; H, 21.4C; 7, 7.3. Found:
T, 27.4; 1, 1.05; Ny 20. 5, F, 7.0.

) Proton nar (c3013): £5.41 (s, 1H#, CE) and 5.1C (&,Hyp=16.0 liz, 21,
CH
2 .

The diisocyanate polymerized in a matter of hours at room tenmperature
tc give very viscous oil.

The proton nmr spectrun of (2-fluore-2,2-dinitro
the intermediate tc the diisocynnate above, wus recor
chiloride. The spectrum consicl. ! of & sinisiecy at £6.
5.20 (4,J5p=10.C Hz, 21, Cia).

ethoxy)fumaryl azide,
ded in carbon tetra-
23 (s, 1H, CH) and

9
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